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(54) PLASMA TREATMENT DEVICE AND METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate control of the plasma 
distribution by electrically connecting an inductively coupled antenna 
arranged on the surface surrounding a plasma formation region in 
series with a capacitively coupled antenna arranged in a portion of 
the surface outside the inductively coupled antenna. 
SOLUTION: A coiled inductively coupled antenna 1 is arranged 
outsi.d a discharge part 2a of an insulating material constituting a 
vacuum vessel 2 along with a processing part 2b having an electrode 
5 for arranging a wafer 13 or the like installed thereon. A circuit of a 
load 17 in parallel to a disc capacitively coupled antenna 8 which is 
connected in series with a first high frequency power supply 10 via an 
impedance matching box 3 and provided in an atmosphere side on a 
ceiling of the discharge part 2a is grounded. The impedance of the 
load 17 is changed and the ratio of the high frequency currents of 
both antennas is changed so that the density of the generated 
plasma is changed. The adhesion of reaction products generated in a 
large amount in the ceiling region 15b of the discharge part 2a caused 
by plasma by the inductively coupled antenna 1 is suppressed by the 
electric field of the capacitively coupled antenna 8. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to suitable plasma treatment equipment to carry out plasma treatment of the 
sample using the plasma which supplied high-frequency power to the antenna, was made to generate electric field, and was 
generated by the electric field, and the plasma treatment approach. 
[0002] 

[Description of the Prior Art] Although the plasma of high density is generated by the coiled form antenna in the part where 
the electric field from a coiled form antenna are strong and a resultant cannot adhere the high frequency current easily at it in 
the internal surface of the vacuum housing by which the plasma is generated with a sink and the plasma treatment equipment 
which generates the plasma by the induction, in the part where electric field are weak, a resultant tends to adhere low and a 
plasma consistency may also cause generating of dust. As [ indicate /, for example / as an approach of solving such a problem 
/ by JP,8-3 16210,A of Japan ] The RF antenna which can pass the high frequency current is formed in the outside of the 
dielectric wall which forms a vacuum chamber. It combines the plasma and electrostatic between this RF antenna and a 
dielectric member. Prepare the electrode which makes uniform electric field form on the internal surface of a dielectric 
member, and a RF antenna and an electrode are connected to juxtaposition. The inside of a process makes small power 
supplied to an electrode, and the method of enlarging power supplied to an electrode and carrying out a cleaning process is 
learned between processes. 

[0003] Moreover, a division Faraday shield is prepared between the induction coils and reaction chambers where 
high-frequency power is impressed to a USP No. 5,81 1,022 specification like a publication, a division Faraday shield is 
chosen, and there are some which control the level of change of plasma potential. 
[0004] 

[Problem(s) to be Solved by the Invention] The conventional technique of the above-mentioned former is made into the 
approach of dividing and processing the process which processes a wafer, and the cleaning process which cleans the inside of 
a vacuum chamber, and was not fully considered about the throughput. Moreover, so that it may prevent that a resultant 
adheres to the wall of a vacuum chamber during plasma treatment When the current which flows to the electrode 
(electrostatic-capacity coupled antenna) combined in electrostatic capacity is enlarged, in the circuit where the RF antenna 
(inductivity) and the electrode (capacitive) were connected to juxtaposition In order that the electrode combined in 
electrostatic capacity may work as a capacitor in electrical circuit since discharge of electrostatic-capacity association is 
produced, and the RF antenna for producing discharge of inductive coupling may work as a coil, There is a case where it 
becomes impossible for matching of a lifting and high frequency to take parallel resonance (phenomenon in which the 
magnitude of a synthetic impedance becomes infinite). For this reason, plasma treatment by the conditions near [ which 
produces parallel resonance ] a field cannot be carried out, but the applicability of plasma treatment conditions becomes 
narrow. 

[0005] Moreover, if the current which flows to the electrode (electrostatic-capacity coupled antenna) combined in 
electrostatic capacity is enlarged in order to prevent that a resultant adheres to the wall of a vacuum housing during plasma 
treatment, since the plasma by electrostatic-capacity discharge will occur strongly, distribution of the plasma changes and 
there is a problem that the conditions for processing a wafer to homogeneity will go wrong. 

[0006] If between an induction coil and Faraday shields is combined in capacity, namely, the conventional technique of the 
above-mentioned latter considers a Faraday shield to be the electrode combined in electrostatic capacity, since the circuit for 
impressing an electrical potential difference to an electrode will use stray capacity, the electrical potential difference 
impressed to an electrode will be influenced by the precision at the time of reinstallation of the induction coil after 
atmospheric-air disconnection of a vacuum housing, an electrode, etc. Moreover, if it is going to enlarge the electrical 
potential difference impressed to an electrode, it is necessary to enlarge magnitude of stray capacity, and it is necessary to 
enlarge area of an induction coil or to carry out near of the distance with an electrode in this case. However, enlarging area is 
that the high-voltage section becomes large, and it also has a possibility that abnormality discharge may arise if near of the 
distance is carried out, and leads to the fall of the soundness of equipment, and dependability. Therefore, in the thing using 
stray capacity, the electrical potential difference impressed to an electrode can seldom be enlarged. 

[0007] On the other hand, with owner magnetic field plasma type plasma treatment equipment, distribution of the plasma can 
be controlled by changing the magnetic field which an electromagnet etc. generates, and homogeneity processing of a sample 
and adhesion of a resultant can adjust to plasma distribution of few conditions easily. However, a means to adjust plasma 
distribution was restricted, for example, the configuration of a vacuum housing was changed, and the location of an 
inductive-coupling antenna was adjusted and distribution was controlled by the inductive discharge plasma type plasma 
treatment equipment of a non-magnetic field. However, when process conditions, such as gas pressure, were changed, 
distribution of the plasma changed and that of process processing was completed only on the conditions restricted very much 
in one plasma treatment equipment. 



, plasma treatment equipment and the plasma treatment approach of controlling plasma distribufctaiTe^ 
[0009] The second purpose of this invention is in the plasma treatment which used the inductive-coupling antenna to offer the 
plasma treatment equipment and the plasma treatment approach of controlling adhesion of the resultant to the internal surface 
of a vacuum housing during processing of a sample. 
[0010] 

[Means for Solving the Problem] An electrostatic-capacity coupled antenna is arranged to the field of a part where the first 
purpose of above-mentioned this invention arranges an inductive-coupling antenna to the field surrounding the field in which 
the plasma is formed, and the inductive-coupling antenna is not arranged at least. An inductive-coupling antenna and an 
electrostatic-capacity coupled antenna are electrically connected to a serial. It considers as the equipment which established 
an adjustment means to adjust the rate of the high frequency current of flowing to an electrostatic-capacity coupled antenna 
and an electrostatic-capacity coupled antenna. The rate of the high frequency current of flowing to the inductive-coupling 
antenna electrically connected to the serial and an electrostatic-capacity coupled antenna is adjusted. It is attained by 
generating the plasma in a container using the electric field by the inductive-coupling antenna and the electrostatic-capacity 
coupled antenna, and considering as the approach of processing a sample using this plasma. 
[001 1] An electrostatic-capacity coupled antenna is arranged to the field of a part where the second purpose of 
above-mentioned this invention arranges an inductive-coupling antenna to the field surrounding the field in which the plasma 
is formed, and the inductive-coupling antenna is not arranged. It considers as the equipment which connected electrically the 
inductive-coupling antenna and the electrostatic-capacity coupled antenna to the serial. Electric field are formed in a container 
with the inductive-coupling antenna and electrostatic-capacity coupled antenna which were electrically connected to the serial. 
It is attained by the electric field from an inductive-coupling antenna forming the electric field of electrostatic-capacity 
association with a weak part, generating the plasma in a container using these electric fields, and considering as the approach 
of processing a sample using this plasma. 

[0012] Since according to this invention the rate of the high frequency current of flowing to the inductive-coupling antenna 
electrically connected to the serial and an electrostatic-capacity coupled antenna is adjusted and the field strength generated 
with an inductive-coupling antenna and an electrostatic-capacity coupled antenna can be adjusted, the optimal plasma for 
processing can be generated in a container, and adhesion of the resultant to the internal surface of a vacuum housing can be 
controlled during processing of a sample in the plasma treatment using an inductive-coupling antenna. 
[0013] 

[Embodiment of the Invention] Hereafter, drawing 1 thru/or drawing; 3 explain the first example of this invention. Drawing of 
longitudinal section of the plasma treatment equipment of this invention is shown in drawing 1 . A vacuum housing 2 consists 
of discharge section 2a which changes by the insulating material (for example, non-conductive ingredients, such as a quartz 
and a ceramic) which forms the plasma production section in the interior in this case, and processing section 2b in which the 
electrode for arranging the sample 13 which is a processed material, for example, a wafer, was installed. Processing section 
2b is installed in the ground and the electrode 5 is attached in processing section 2b through the insulating material. The 
coiled form inductive-coupling antenna 1 is arranged on the outside of discharge section 2a. Moreover, the disc-like 
electrostatic-capacity coupled antenna 8 combined with the plasma 6 in electrostatic capacity is formed in the atmospheric-air 
side of head lining of discharge section 2a. The inductive-coupling antenna 1 and the electrostatic-capacity coupled antenna 8 
are connected to first RF generator 10 through the adjustment machine (matching box) 3 at the serial. Moreover, the circuit of 
the load 17 in which adjustable is possible as for the magnitude of an impedance is grounded to the electrostatic-capacity 
coupled antenna 8 and juxtaposition at the ground. In a vacuum housing 2, raw gas is supplied from a gas transfer unit 4, and 
the inside of a vacuum housing 2 is evacuated by the predetermined pressure with an exhauster 7. Second RF generator 12 is 
connected to the electrode 5. 

[0014] With the equipment constituted as mentioned above, raw gas is supplied in a vacuum housing 2 with a gas transfer unit 
4, and this raw gas is plasma-ized according to an operation of the electric field generated with the inductive-coupling antenna 
1 and the electrostatic-capacity coupled antenna 8. The plasma-ized gas is behind exhausted by the exhauster 7. Although it 
generated by first RF generator 10, for example, the electric field for plasma production have been acquired by supplying 
high-frequency power, such as HF bands, such as 13.56MHz, 27.12MHz, and 40.68 etc.MHz, and a VHF band with a still 
higher frequency, to the inductive-coupling antenna 1 and the electrostatic-capacity coupled antenna 8, in order to press down 
reflection of power, a matching box 3 is used, and the impedance of an antenna is made in agreement with the output 
impedance of first RF generator 10. The thing [ electrostatic capacity / which is called a common reverse L type in this case ] 
using two variable condensers in which adjustable is possible is being used for a matching box 3. Moreover, the wafer 13 
processed is arranged on an electrode 5, and in order to draw the ion which exists in the plasma 6 on a wafer 13, it impresses 
bias voltage to an electrode 5 by second RF generator 12. 

[0015] Drawing 2 is the appearance perspective view showing the discharge circuit of the plasma treatment equipment of 
drawing 1 . As a discharge circuit, the high frequency current which came out of first RF generator 10 passes along a 
matching box 3, flows the inductive-coupling antenna 1, and flows to the electrostatic-capacity coupled antenna 8. The 
current which flowed to the electrostatic-capacity coupled antenna flows to a ground through the plasma. Moreover, the 
circuit of the load 17 in which adjustable is possible is established for the magnitude of an impedance in the 
electrostatic-capacity coupled antenna 8 at juxtaposition, and it connects with a ground at it. Although the load 17 should have 
connected the fixed inductor with the variable condenser in this case at the serial, it can make an impedance zero by carrying 
out series resonance. 

[0016] Drawing 3 shows the equal circuit of the discharge circuit shown in drawing 2 . The load 9 and the 
electrostatic-capacity coupled antenna 8 are shown for the inductive-coupling antenna 1 equivalent as a load 11. 
[0017] When the magnitude of the impedance of a load 17 is zero, the electrical potential difference which joins a load 11, 
and the current which flows to the electrostatic-capacity coupled antenna 8 since it becomes zero serve as zero, and it will be 
in the condition that electrostatic-capacity joint discharge does not take place. Namely, it will be in the condition that the 
plasma is generated only by inductive-coupling discharge. If magnitude of the impedance of a load 17 is enlarged, the current 



. which flows for a load 1 1 will increase and the rate of the plasma generated by electrostatic-cd^lty^ 
become strong gradually. 

[0018] In addition, although the magnitude of a load 1 1 must be changed in the range which can take matching of a matching 
box 3, it is necessary to take the following things into consideration as conditions for taking matching. 
[0019] As one of the condition of the, when the reactance of YC and a load 17 is set [ the reactance of a load 9 ] to YV for the 
reactance of YL and a load 1 1, since YL is inductive, since YL>0 and YC are electrostatic-capacity targets, they are YC<0. 
When set to YC=-YV in the field of YV>0, a lifting composition impedance becomes large rapidly about parallel resonance, 
and it becomes impossible however, for YC and YV to take matching, since it connects with juxtaposition. For this reason, 
there is a case where plasma production becomes impossible, in such a field. Therefore, a load 1 1 is changed in a field which 
is set to YV<0. By this, matching can be taken satisfactory. 

[0020] Moreover, if the reactance of the synthetic impedance when connecting a load 1 1 and a load 17 with juxtaposition is 
set to YG as another condition, it will be set to YG<0 on the conditions used as YV<0 and YC<0. However, at the time of 
YG>YL, the reactance of the load of the whole discharge circuit which should take matching in a matching box 3 may serve 
as negative, and matching may be unable to be taken in the matching box of the reverse L type shown in drawing. In that case, 
matching can be taken now by inserting an inductor in a load 9 at a serial. Moreover, although it can respond by using the 
matching box called pi mold, the structure of a matching box becomes complicated in this case. 
[0021] Thus, by changing the impedance of a load 17, the rate of the high frequency current of flowing to the 
inductive-coupling antenna 1 and the electrostatic-capacity coupled antenna 8 can be changed, and the field strength 
generated with each antenna changes. The consistency of the plasma generated with each antenna is changeable with this. 
Since in other words the consistency of each plasma is changeable corresponding to the location of each antenna, distribution 
of the plasma within discharge section 2a is controllable. 

[0022] That is, since the plasma is strongly generated in field 15a when the inductive-coupling antenna 1 generates the 
plasma, when the plasma generates on the outside strongly and the electrostatic-capacity coupled antenna 8 generates the 
plasma, since it generates strongly in field 15b, the plasma with a strong center section generates the plasma. Therefore, by 
adjusting the current which flows to the electrostatic-capacity coupled antenna 8, the strength of the plasma of a center section 
can be adjusted, distribution of the plasma can be controlled by this proper, and a wafer can be processed to homogeneity. 
[0023] Moreover, since the plasma generated by electrostatic-capacity joint discharge can adjust the rate of 
electrostatic-capacity joint discharge and inductive-coupling discharge by adjusting the current which flows to the 
electrostatic-capacity coupled antenna 8 since there is an inclination for electron temperature to be higher than the plasma by 
inductive-coupling discharge, electron-temperature control of the plasma, the dissociation control of raw gas of it, etc. are 
attained. Thereby, the optimal conditions doubled with each process, such as processing of a sample, for example, metal 
etching, gate etching, insulating material etching, and etching processing of the magnetic head, can be made to apply. 
[0024] Moreover, the electric field made by the inductive-coupling antenna 1 are strongly generated in field 15a near the 
inductive-coupling antenna. Therefore, although there is little adhesion of a resultant on the discharge section 2a side face of a 
vacuum housing 2 when the inductive-coupling antenna 1 generates the plasma, on the head lining of discharge section 2a, 
adhesion of a resultant occurs mostly. In order to prevent the adhesion, the disc-like electrostatic-capacity coupled antenna 8 
combined with the plasma 6 in electrostatic capacity is formed in the atmospheric-air side of head lining of discharge section 
2a, and field 15b near head lining is made to generate electric field strongly. Thereby, it can set into the head-lining part of a 
vacuum housing 2, i.e., the head-lining part of discharge section 2a, and adhesion of a resultant can be controlled or 
prevented. 

[0025] As mentioned above, according to the example of this first, an electrostatic-capacity coupled antenna is arranged to the 
field of the discharge section where the discharge section is enclosed, an inductive-coupling antenna is arranged, and the 
inductive-coupling antenna is not arranged. By connecting electrically an inductive-coupling antenna and an 
electrostatic-capacity coupled antenna to a serial, and supplying high-frequency power Since strong electric field can be 
formed also in the part which cannot form strong electric field with an inductive-coupling antenna with an 
electrostatic-capacity coupled antenna Since the plasma of high density is generable in the whole discharge section, it is 
effective in the ability to control adhesion of the resultant to a vacuum housing internal surface during the plasma treatment of 
a wafer. 

[0026] Moreover, by adjusting the current which flows the rate of a current of flowing to an inductive-coupling antenna and 
an electrostatic-capacity coupled antenna, to adjustment, for example, an electrostatic-capacity coupled antenna, the strength 
of the plasma of a center section can be adjusted, distribution of the plasma can be controlled by this proper, and a wafer can 
be processed to homogeneity. 

[0027] Furthermore, since the rate of electrostatic-capacity joint discharge and inductive-coupling discharge can be adjusted 
by adjusting the current which flows the rate of a current of flowing to an inductive-coupling antenna and an 
electrostatic-capacity coupled antenna, to adjustment, for example, an electrostatic-capacity coupled antenna, 
electron-temperature control of the plasma, dissociation control of raw gas, etc. become possible. 

[0028] In addition, although the current which flows to an electrostatic-capacity coupled antenna was adjusted as an approach 
of adjusting the rate of a current of flowing to an inductive-coupling antenna and an electrostatic-capacity coupled antenna, 
i.e., it stated adjusting the current which flows to the electrostatic-capacity coupled antenna 8 using a load 17 in the this 1 
example, the same control is possible even if it connects a load 17 to the inductive-coupling antenna 1 at juxtaposition. The 
equal circuit in this case is shown in drawing 4 . When the impedance of a load 17 is zero, the high frequency current which 
flows for the load 9 of the inductive-coupling antenna 1 becomes zero, it takes for enlarging the impedance of a load 17, and 
the current which flows for a load 9 becomes large. Thus, in this circuit, adjustment of the current which flows at the 
inductive-coupling antenna 1 is attained. 

[0029] Next, drawing 5 thru/or drawing 8 explain the second example of this invention. Drawing of longitudinal section of the 
plasma treatment equipment of this invention is shown in drawing 5 , and the perspective view of a discharge circuit is shown 
in it at drawing 6 . In this Fig., drawing 1 and drawing 2 , and the same sign which were shown in said first example show the 



, same member, and omit explanation. The point that this Fig. differs from drawing 1 and dnrvyjWj^^ 
installed two lines, inductive-coupling antenna la and inductive-coupling antenna lb, up and down, having connected with 
juxtaposition, and having connected the variable condenser 16 to a serial at inductive-coupling antenna la. 
[0030] Thus, plasma distribution is controllable by controlling the magnitude of the high frequency current which flows at two 
inductive-coupling antennas la and lb by the constituted equipment. Hereafter, the control approach of plasma distribution is 
described. 

[0031] The induction field which two inductive-coupling antenna la and inductive-coupling antenna lb make set a strong 
field to field 25a and field 25b. Moreover, the electric field which the electrostatic-capacity coupled antenna 8 makes set a 
strong field to field 25c. Generation of the plasma is performed in the field where these electric fields are strong. Discharge 
section 2a of a vacuum housing 2 is making a path small toward the upper part on illustration, and the magnitude of the path 
of field 25a and field 25b differs. In this case, the path of field 25a is small and the path of field 25b is large. The plasma 
which inductive-coupling antenna la makes in connection with this turns into plasma with a central high consistency, and the 
plasma which inductive-coupling antenna lb makes turns into plasma with the high consistency of a periphery. Therefore, 
distribution of the plasma is controllable by adjusting the rate of a current of flowing to inductive-coupling antenna la and 
inductive-coupling antenna lb. 

[0032] Next, how to adjust the rate of the high frequency current of flowing to inductive-coupling antenna la and 
inductive-coupling antenna lb is explained. The equal circuit of the discharge circuit of drawing 6 is shown in drawing 7 . 
Load 9a and inductive-coupling antenna lb are expressed for inductive-coupling antenna la as load 9b. If magnitude of the 
impedance of Za and load 9b is set to Zb for the magnitude of the impedance which compounded load 9a and a variable 
condenser 16, the magnitude of the high frequency current which flows to load 9a and load 9b is proportional to 1/Za 
andl/Zb. Although an inductive-coupling antenna has a forward reactance, a current is controllable by changing Za from a 
forward value to zero with a variable condenser with a negative reactance. 

[0033] Since matching may be unable to be taken when it is the conditions from which the reactance of Za serves as negative 
here, since the reactance of Zb is forward, as for the reactance of Za, using on the conditions used as forward is desirable. 
Therefore, it can be said that the circuit of drawing 7 is a circuit suitable for making the current which flows to load 9a 
increase. 

[0034] The high frequency current which flows to the electrostatic-capacity coupled antenna 8 when processing a wafer using 
above-mentioned equipment and an above-mentioned approach is strengthened, the plasma generated in field 25c when the 
rate of a current of flowing to inductively-coupled-plasma la and inductive-coupling antenna lb is fixed increases, and since 
the current which flows to inductively-coupled-plasma la and inductive-coupling antenna lb decreases relatively, the plasma 
generated by field 25a and field 25b decreases. Therefore, the consistency of the center of the plasma will become high and, 
also in the processing speed distribution on a wafer 13, a center will become early. 

[0035] Then, by enlarging the current which is small and flows the current which flows to inductive-coupling antenna la to 
inductive-coupling antenna lb, distribution of the plasma can be controlled by making [ many ] the plasma generated by large 
field 25b of a path, and lessening the plasma generated by small field 25a of a path, and processing speed on a wafer 13 can 
be made into homogeneity by it. 

[0036] As mentioned above, according to the example of**** 2, while there is the same effectiveness as said first example, 
the inductive-coupling antenna with which the magnitude of two lines differs is formed, and it is effective in the ability to 
control distribution of the plasma in discharge circles by controlling the amount of impression of the high-frequency power to 
each inductive-coupling antenna still more finely, since inductive-coupling discharge of different magnitude can be obtained. 
[0037] Moreover, since field 25a, field 25b, and field 25c can be made to generate freely the strong electric field which each 
antenna generates since the high frequency current which flows to each of two inductive-coupling antennas la and lb and the 
electrostatic-capacity coupled antenna 8 is controllable and it is made to the optimal plasma state, it is effective in the ability 
to control adhesion into the container of the resultant under wafer processing in the still finer range. 

[0038] In addition, what is necessary is just to connect with load 9b in the example of**** 2, at a serial rather than to connect 
the variable condenser 16 in the circuit of drawing 7 to load 9a at a serial, in order to decrease the current which flows to load 
9a. 

[0039] Moreover, as other circuits for decreasing the current which flows to load 9a, as shown in the equal circuit of the 
discharge circuit of drawing 8 , an inductor 19 may be installed in a variable condenser 16 and a serial. Here, in the conditions 
from which the reactance of the synthetic impedance of a variable condenser 16 and an inductor 19 serves as forward, since 
the reactance of load 9a and load 9b is forward, parallel resonance does not start, is stabilized and matching can be taken. 
[0040] Next, drawing 9 and drawing 10 explain the third example of this invention. Drawing of longitudinal section of the 
plasma treatment equipment of this invention is shown in drawing 9 , and the perspective view of a discharge circuit is shown 
in it at drawing 10 . In this Fig., drawing 5 and drawing 6 , and the same sign which were shown in said second example show 
the same member, and omit explanation. The point that this Fig. differs from drawing 5 and drawing 6 prepares 
electrostatic-capacity coupled antenna 8a so that the whole discharge section 2a of a vacuum housing 2 may be covered, and it 
is a point. 

[0041] In the example of**** 3, the induction field which two inductive-coupling antenna la and inductive-coupling antenna 
lb make set a strong field to field 25a and field 25b. Moreover, the electric field which the electrostatic-capacity coupled 
antenna 8 makes make a strong field 25d of fields. Although generation of the plasma is performed in the field where this 
electric field are strong, since it is installed so that electrostatic-capacity coupled antenna 8a may cover the vacuum housing 2 
whole, 25d of fields serves as the whole part which adjoins the discharge section 2a wall of a vacuum housing 2, and 
prevention or cleaning can perform that a resultant adheres to the whole wall of discharge section 2a by electrostatic-capacity 
discharge. Moreover, it prevented the electrostatic-capacity-electric field of an inductive-coupling antenna and the plasma 
getting across to discharge circles by forming an electrostatic-capacity coupled antenna between the inductive-coupling 
antennas la and lb and discharge section 2a, and the role of the Faraday shield which prevents that a discharge section wall is 
shaved by the plasma is played. 



. [0042] Drawing 10 is the perspective view of the discharge circuit of the equipment shown in ^i^^\)(^Q %^W\Wiran_\Neb_cQ 
provided in electrostatic-capacity coupled antenna 8a so that the electric field which the inductive-coupling antennas la and 
lb generate may arrive at the interior of vacuum housing 2a, and it may intersect perpendicularly with the inductive-coupling 
antennas la and lb. If a slit 14 does not bar the electric field which the inductive-coupling antennas la and lb make, it does 
not need to intersect perpendicularly and may have a certain amount of inclination. 

[0043] Since according to the example of**** 3 8a covers the whole discharge section 2a and the electrostatic-capacity 
coupled antenna is formed while being able to acquire the same effectiveness as the above-mentioned first and the second 
example, it sets to the whole discharge section 2a inside, and is effective in the ability to prevent or control adhesion of a 
resultant. 

[0044] Next, the experimental data when generating the plasma using the concept described in the example of **** 3 is 
shown. Drawing 1 1 shows the discharge circuit used for the experiment. Matching is made easy to take by installing a 
1.2-microhenry inductor in a matching box 3 in this discharge circuit. Moreover, in order to control the current which flows to 
electrostatic-capacity coupled antenna 8a, the 200pF capacitor was installed before the electrostatic-capacity coupled antenna. 
Moreover, inductive-coupling antenna la is considering two turns and inductive-coupling antenna lb as one turn. The current 
which flows at two inductive-coupling antennas, and the current which flows to electrostatic-capacity coupled antenna 8a are 
performed by the load which put variable condensers 16a and 16b and a fixed inductor together. 

[0045] Drawing 12 shows the current ratio (current which flows to the current / antenna lb which flows to antenna la) which 
flows to inductive-coupling antenna la at the time of changing the value of the electrostatic capacity of variable condenser 
16a, and inductive-coupling antenna lb. Thus, it turns out that the ratio of a current which flows at Antennas la and lb can be 
adjusted by changing variable condenser 16a. Here, in order to adjust the current which flows at Antennas la and lb, variable 
condenser 16a and a 0.9-microhenry inductor are prepared behind antenna lb in this case at a serial. Thereby, adjustable [ of 
the electrostatic capacity of variable condenser 16a ] is carried out, when the impedance by variable condenser 16a, the 
0.9-microhenry inductor, and antenna lb is zero, the high frequency current serves as flow only to antenna lb, and a current 
ratio serves as zero. Moreover, when an impedance is larger than zero, the high frequency current which flows at Antennas la 
and lb becomes in phase, and serves as a current ratio of plus. On the contrary, when an impedance is smaller than zero, the 
high frequency current which flows at Antennas la and lb serves as an opposite phase, and serves as a current ratio of minus. 
[0046] Drawing 13 shows the homogeneity of the ion saturation current consistency of the plasma on the electrode at the time 
of changing a current ratio. Homogeneity shows as minus the case where plus and the periphery section are high for the case 
where the center section of the plasma is high. Thus, the ion saturation current consistency of the plasma, i.e., distribution, can 
be adjusted in the range large from the periphery section to a center section by adjusting a current ratio. In this experimental 
device, the homogeneity of the ion saturation current consistency of the plasma has been adjusted no less than 50%. 
[0047] Drawing 14 shows the amplitude (peak-to-peak) of the electrical potential difference generated in 
electrostatic-capacity coupled antenna 8a at the time of changing the value of the electrostatic capacity of variable condenser 
16b. Thus, compared with the thing thing using the conventional stray capacity, the electrical potential difference was able to 
be greatly adjusted from the condition which an electrical potential difference hardly generates in electrostatic-capacity 
coupled antenna 8a in this case before maximum abbreviation 1000V by using the discharge circuit which connected the 
inductive-coupling antenna and the electrostatic-capacity coupled antenna to the serial. 

[0048] In addition, although two inductive-coupling antennas are installed in the example of **** 3, in order to control 
plasma distribution with high precision further, an inductive-coupling antenna may be increased to three lines or four lines or 
more. 

[0049] Next, drawing 15 and drawing 16 explain the fourth example of this invention. The perspective view of the plasma 
treatment equipment of this invention is shown in drawing 15 . In this Fig., drawing 10 and the same sign which were shown 
in said third example show the same member, and omit explanation. The point that this Fig. differs from drawing 10 is a point 
that the connection methods of the dielectric coupled antenna in a discharge circuit differ. That is, an inductive-coupling 
antenna ties electrostatic-capacity coupled antenna 8a to a serial further in the circuit which connected two lines, 
inductive-coupling antenna la and inductive-coupling antenna lb, to the serial. Moreover, in order to adjust the current which 
flows to electrostatic-capacity coupled antenna 8a, it has connected so that it may be stood in a row about load 17a which can 
adjust the magnitude of an impedance at electrostatic-capacity coupled antenna 8a. Furthermore, in order to adjust the current 
which flows to inductive-coupling antenna la and inductive-coupling antenna lb, load 17b and load 17c are similarly 
connected to juxtaposition. 

[0050] Drawing 16 shows the equal circuit of the discharge circuit of the equipment shown in drawing 15 . Load 9b and 
electrostatic-capacity coupled antenna 8a are expressed [ inductive-coupling antenna la ] for load 9a and inductive-coupling 
antenna lb as a load 1 1. In this example, the strength of inductive-coupling discharge is adjusted with the magnitude of load 
17a. If magnitude of the impedance of a load 17 is enlarged, the current which flows for a load 1 1 will increase and the rate of 
the plasma generated by electrostatic-capacity joint discharge will become strong. Moreover, if the impedance of load 17b or 
load 17c is enlarged and it goes, the inductive-coupling discharge in inductive-coupling antenna la or inductive-coupling 
antenna lb will become strong. Therefore, the same effectiveness as the above-mentioned first thru/or the third example can 
obtain by adjusting the magnitude of the impedance of Loads 17a, 17b, and 17c. 

[0051] In addition, although the current which puts Loads 17a, 17b, and 17c into juxtaposition at all of inductive-coupling 
antenna la, inductive-coupling antenna lb, and electrostatic-capacity coupled antenna 8a, and flows to each is adjusted in the 
example of **** 4, even when one load cannot be found among those, the same control is possible, and the same effectiveness 
can be acquired. 

[0052] Moreover, as conditions which can take matching, since the reactance of the impedance of electrostatic-capacity 
coupled antenna 8a is negative, in order to avoid parallel resonance, using on the conditions used as negative is desirable [ the 
reactance of load 17a ]. Moreover, since the reactance of the load of the inductive-coupling antennas la and lb is forward, in 
order to avoid parallel resonance, it is desirable [ the reactance of load 17b and load 17c ] to use the conditions used as 
forward. 



, [0053] Furthermore, the reactance of the load of the whole discharge circuit where a matchin^bf&Mv»l^tf^ 
serves as negative, and when it becomes impossible to take matching, matching can be taken by inserting an inductor in a 
serial between a matching box 3 and a discharge circuit in the matching box of the reverse L type shown in drawing. 
[0054] Next, drawing 17 and drawing 1 8 explain the fifth example of this invention. The perspective view of the plasma 
treatment equipment of this invention is shown in drawing 17 . In this Fig., drawing 1 5 and the same sign which were shown 
in said fourth example show the same member, and omit explanation. The point that this Fig. differs from drawing 15 is a 
point that the connection methods of the dielectric coupled antenna in a discharge circuit differ. Namely, an 
inductive-coupling antenna ties electrostatic-capacity coupled antenna 8a to a serial in the circuit which connected two lines, 
inductive-coupling antenna la and inductive-coupling antenna lb, to the serial. In order to adjust the current which flows to 
electrostatic-capacity coupled antenna 8a, load 17a which can adjust the magnitude of an impedance is installed so that it may 
be stood in a row at electrostatic-capacity coupled antenna 8a. Furthermore, the circuit connected to the ground through load 
17b which can adjust the magnitude of an impedance from between inductive-coupling antenna la and inductive-coupling 
antenna lb is branched. 

[0055] Drawing 18 shows the equal circuit of the discharge circuit of the equipment of drawing 17 . Load 9b and the 
electrostatic-capacity coupled antenna 8 are expressed [ inductive-coupling antenna la ] for load 9a and inductive-coupling 
antenna lb as a load 1 1. In this example, the strength of inductive-coupling discharge is adjusted with the magnitude of load 
17a. If magnitude of the impedance of a load 17 is enlarged, the current which flows for a load 1 1 will increase and the rate of 
the plasma generated by electrostatic-capacity joint discharge will become strong. Moreover, since load 9b and a load 1 1 lead 
to juxtaposition in the circuit connected with the serial, load 17b can adjust the inductive-coupling discharge to 
inductive-coupling antenna lb Depend and the electrostatic-capacity joint discharge by electrostatic-capacity coupled antenna 
8a by adjusting the impedance of load 17b. 

[0056] Moreover, as conditions which can take matching, since the reactance of the impedance of an electrostatic-capacity 
coupled antenna is negative, in order to avoid parallel resonance, using on the conditions used as negative is desirable [ the 
reactance of load 17a ]. Moreover, when the reactance of forward and a synthetic impedance is negative, also as for the 
reactance of load 17b, it is desirable, when the reactance of the impedance which compounded load 9b, a load 11, and load 
17a is forward, in order to avoid parallel resonance with a circuit connected to load 17b and juxtaposition to make it the 
reactance of load 17b also serve as negative. Furthermore, the reactance of the load of the whole discharge circuit where a 
matching box 3 should take matching serves as negative, and the case where it becomes impossible to take matching comes 
out in the matching box of the reverse L type shown in drawing. Then, matching can be taken by inserting an inductor in load 
9a at a serial. 

[0057] As mentioned above, according to the example of**** 5, the same effectiveness as the above-mentioned 1st thru/or 
the 3rd above-mentioned example can be acquired. 

[0058] Next, drawing 19 explains the sixth example of this invention. Drawing 19 is drawing of longitudinal section showing 
the plasma treatment equipment of this invention. Although the fundamental view of this example is the same as the second 
and third examples for a start, the configurations of the configuration of discharge section 20a of a vacuum housing 20, the 
inductive-coupling antenna 21, and the electrostatic-capacity coupled antenna 28 differ. In this example, discharge section 
20a is cylindrical, the tubed electrostatic-capacity coupled antenna 28 is installed, and two coiled form inductive-coupling 
antenna 21a and inductive-coupling antenna 21b is wound around head lining of discharge section 20a so that the whole may 
be wrapped. 

[0059] In this example, the induction field which two inductive-coupling antenna 21a and inductive-coupling antenna 21b 
make make a strong field field 25e and 25f of fields. Moreover, the electric field which the electrostatic-capacity coupled 
antenna 28 makes make a strong field 25g of fields. Although generation of the plasma is performed in the field where these 
electric fields are strong, since the electrostatic-capacity coupled antenna 28 is installed so that the whole discharge section 
20a may be covered, 25g of fields serves as the whole part which adjoins a discharge section 20a wall, and it can prevent or 
clean that the resultant of the whole wall of discharge section 20a adheres by electrostatic-capacity discharge. 
[0060] Moreover, since the path of** with the small path of inductive-coupling antenna 21a wound around head lining of 
discharge section 20a and inductive-coupling antenna 21b is large, the plasma which inductive-coupling antenna 21a makes in 
connection with it turns into plasma with a central high consistency, and the plasma which inductive-coupling antenna 21b 
makes turns into plasma with the high consistency of a periphery. Therefore, the same effectiveness can be acquired by using 
the second mentioned above thru/or the fifth one of discharge circuits. 

[0061] As mentioned above, since the rate of electrostatic-capacity joint discharge and inductive-coupling discharge can be 
adjusted by adjusting the impedance of the load 17 which adjusted namely, prepared the amount of currents of the high 
frequency current to an inductive-coupling antenna and an electrostatic-capacity coupled antenna in the discharge circuit, or a 
variable condenser 16 according to this invention, adhesion of a resultant in a vacuum housing wall can be controlled during 
plasma treatment. Moreover, since distribution of the plasma is controllable, uniform plasma treatment can be performed. 
Furthermore, since control of plasma electron temperature can also be performed, the versatility of the process specifications 
using plasma, such as etching, can be coped with. 

[0062] In addition, this invention may constitute a discharge circuit not only with the equipment shown in the first thru/or the 
sixth example mentioned above but with these combination. Moreover, it is not necessary to also divide a vacuum housing 
into the discharge section and the processing section, and is not restricted to the configuration which also showed the 
configuration of the discharge section in the example. For example, you may make it the vacuum housing of a configuration 
as shown in drawing 20 thru/or drawing 23 . Moreover, as shown in drawing 22 , an electrostatic-capacity coupled antenna 
may be arranged on the outside of an inductive-coupling antenna. Furthermore, an electrostatic-capacity coupled antenna may 
be stuck on the external surface of a vacuum housing like drawing 23 , or an electrostatic-capacity coupled antenna may be 
embedded to the interior of a vacuum housing, and may be constituted. 

[0063] Here, 20c, 20d, and 20e are vacuum housings, and the part corresponding to an antenna at least consists of non-**** 
ingredients. 21 is an inductive-coupling antenna and 28a, 28b, 28c, and 28d are electrostatic-capacity coupled antennas. 



[0064] Moreover, this invention can be applied to the equipment and processing in which the })te3rrt^ 
to processings, such as etching, CVD, and a spatter, and a processor, and can apply altogether processing of not only a 
semi-conductor wafer but the substrate for liquid crystal, processing of the magnetic head, etc. to what is processed using the 
plasma as a sample to process. 

[0065] Furthermore, such this invention is applicable to the following semi-conductor manufacture processes. Drawing 24 is 
drawing showing an example of the process of a semi-conductor process which used this invention. The equipment 
configuration used as the object in this process uses which configuration of each example mentioned above. 
[0066] In a semi-conductor process, the high-frequency power impressed to the class of raw gas, the gas pressure in a vacuum 
housing, a quantity of gas flow, and an antenna according to the ingredient to etch is adjusted, and a process recipe is decided 
to be able to perform homogeneity processing of the wafer in etching or membrane formation processing. For example, in 
etching aluminum and etching a quartz, using chlorine gas, boron trichloride gas, etc. as raw gas, it uses C4F8 gas as raw gas. 
[0067] Since distribution of the plasma also changed when a class, gas pressure, etc. of gas changed, when the equipment of 
the conventional technique was used and the two above-mentioned kinds of ingredients were etched, etching processing 
needed to be performed using different equipment, 

[0068] However, if the equipment of this invention is used, while adding the processes 31a, 31b, and 31c for adjusting the 
high frequency current which flows at two or more inductive-coupling antennas in the middle of the process processing which 
continued as shown in drawing 24 , and carrying out plasma distribution adjustment By bringing different processes 30a, 30b, 
and 30c after each stroke 3 la, 3 lb, and 3 lc, the same equipment can adjust the plasma distribution in each process to 
homogeneity, and a wafer can be processed to homogeneity. 

[0069] By this, the time and effort which moves a wafer between equipment for every process can be saved, and improvement 
in a throughput can be aimed at. Moreover, since multiple-processes processing can be performed with one equipment, the 
number of equipment can be saved. 
[0070] 

[Effect of the Invention] Since according to this invention the rate of the high frequency current of flowing to the 
inductive-coupling antenna electrically connected to the serial and an electrostatic-capacity coupled antenna is adjusted and 
the field strength generated with an inductive-coupling antenna and an electrostatic-capacity coupled antenna can be adjusted 
The optimal plasma for processing can be generated in a container, and it is effective in the ability to control adhesion of the 
resultant to the internal surface of a vacuum housing during processing of a sample in the plasma treatment using an 
inductive-coupling antenna. 
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PROBLEM TO BE SOLVED: To facilitate control of the plasma 
distribution by 

electrically connecting an inductively coupled antenna arranged on 
the surface 

surrounding a plasma formation region in series with a capacitively 
coupled 

antenna arranged in a portion of the surface outside the inductively 

coupled 

antenna. 

SOLUTION: A coiled inductively coupled antenna 1 is arranged 
outside a 

discharge part 2a of an insulating material constituting a vacuum 
vessel 2 

along with a processing part 2b having an electrode 5 for arranging a 
wafer 1 3 

or the like installed thereon. A circuit of a load 17 in parallel to a disc 
capacitively coupled antenna 8 which is connected in series with a 
first high 

frequency power supply 10 via an impedance matching box 3 and 
provided in an 

atmosphere side on a ceiling of the discharge part 2a is grounded. 
The 

impedance of the load 1 7 is changed and the ratio of the high 
frequency 

currents of both antennas is changed so that the density of the 
generated 

plasma is changed. The adhesion of reaction products generated in 
a large 

amount in the ceiling region 15b of the discharge part 2a caused by 
plasma by 

the inductively coupled antenna 1 is suppressed by the electric field 
of the 

capacitively coupled antenna 8. 
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tmm®mtz&^mmvi<?MW%-m&£Ty^ 
8*^»t^>fvo^„ mm&HTyT-t-itm'KMm 

Lxm-ommmmMi oizmwzmmznx^z,. t 
tz. &W&S&£Ty7-l-8tmiz. 4y\z-yyx 

xhh. M£m2mmxm(gm4frL>>)imtix 
tw&zti. M^mmm^mmizx^xmfcc?) 

E3Jiz$$RMl%£ti& „ «ffi5£<J. 
1 2#83S;*irO^. 

[0014] UacoJ: 7 tfll^^n^ffi-Cli, #x{£ 
*&Sfi4tJ:oT*^li2rt(CJ!yi*'x^flt|&L. f* 

W3//x zmste-kr yr-r i kt?©gm*££Tyx-t 40 
8iz£*)mitz>nR<7)ftmz£r>x. ryx^itt 
h. T7X-?\tZ1xrztix\i.. mz. mimmizk-? 
xmmtiz. m-mm^mMi oizx oatuu 

fttHf. 13. 56MHz, 27. 12MHz, 40. 

commwmmm>m£Ty^i-itffim®mii£Ty 
7-1-8 \,z\m^h ztizx*). T7X-?%jmcon%-£ 

•y?x3£jfh>T. ryttco^ yt-ryx^m— <n 
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mtmiixh, ®w®&£^mtffi:'<v?ys:2mm 

y^^xyM 3±£3I mffi5tmn<0© 
J§*««1 2tiOA^rxmE2:EpJirr&„ 

[0015] @2<i. 0 1 cor^xv^^soj^miHi 

?X3£iID. iie^7>ft 1 2rc£itTS¥m^Ste 

^ry^-st-sax*. ifmsfl&^ryx-ftsai*; 
msm. r5x-?5r^LTT-xtc£h.s. urn 
^Si£^ryx^8tii?ij(c. ^fyf-^x^? 
£^I»t&fW51 7coiHlSSS:|£<tT-X(c«^|,„ 
ft«17<i. if)^. ><Vayt®fe4yy79-£ 

w.mz%mtt:i><7)t ^^yg^-tts-fc 
t\ J y e-ryx £ -t*u tt* ^ t #-es & . 

[00 1 6] H3J±. H2t^L£tt«|ilR09flrcift 

yrf-8£ft<in 1 fc LT^W(c*LT^.&. > 
[ooi7]Mi7^ y¥-yyx<r>±% ztftt 
<ofc^(c{±. Ml lldrafc&mEk-tfofc&Sdfc** 
»«§Mfe^ry^8(c^sm^t.-fe'ofc/jr 

*». i^^^Jsrs^-cr^xv^-^^fL^^fc^ 
s. ftSfi 7«>fye-^yx<o^$^#<LTv^ 
< fc . i i i,zrnih%^mmL. atm®ma£WL 
mx'^ZKhxyxvnmi&d&.iz%< 

[00 18]>5rfc. 77fy/,f7?X3<0V7fyy / 

t?tc^i>K v-yf-y^'jRiiS^ftco^ftt LTOTO 

[00 19] -e<0^tt?>— 5tLT. mw9^)l>T^^ 
yx^YL. t^l lcOUT^^yxSrYC. S^fl 7 
(O'JT^'iJ'yxSrYVkL/Sfc^t. YL{Jg^K*S> 
SC0T-YL>0, YC»i|?m§MW : 5:WYC<0T'*. 

L*»L=5:*^. YCfcYVti^lfclg^^^iTi-^ 
Z\tfrh. YV>0c0^ti>V"«-CYC = -YVi:^S 

fc ? . &mm.z&c\ tsm >v-yyxtf%mz± 

^<%->X. -?-y^y^*Wi^< : Sr&. Zcofzib. Z 

<7>£o KWMX'ltTy Xv>&&)iX'$ =5r<=SrS 

h. l-^X. YV<0fc^SJ:d^t^T\ ftSl 1^ 

SSftS*&. ^Wci-oT, l^!S^<V y^y^KI> 

Cfc*^S. 

[0020]^^. t ^^frfc IX. mi 1 fc 
ft© l 7 £M3W;:o&^*ffc ^io^^f ye-ryx^ 

DT^^yX^YGk-f&t. YV<0, YC<0fc : 3r 
^.^ftT'ti. YG<0fc^S„ LfrLftifity. YG>Y 
LOfc^Wi. -7-yfy^y^X3T'C0-7 yf-y^iSr 

fc zKzmnm&iz&omc?) vrr? yxmttc 
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0, m\Z^LtzmLm<V~?-v1->7Xv9XX'\^ V-y 

B^ijt 4vy?9 zkxw v 

[0021] •loidK. fl#i7co^yf-ryx^ 
^SifctJ^T. M^^-Ty^ 1 tSf«§ai£ 

i-&77X-?(r)®m$:3ZlZ,Z.ki i X'Z&. 

77X^Oigj£££;tS£i#T'#£w:\ MS52a 
nx'(r)~r=yx^(r>'h^wm-h z\ k ifix-% h . 

[0022] -t&fc^ m&i}&r>Ti- 1 X'TyX-7 

■?$>Z.kl,z£*). <&m<?>TyX~?<m2i i m®X'%. 
ZtilzX^X. 7yXv<WtttWiE\ l z%mL^x.>^ 

^(csra-rs z k ipx*£ h . 

[0 0 2 3 ] ttz. »«»«IS^l«fcJ:o-C4«Lfc 

sE^cosjiffl, mm. tfifr^v+yy, y-hx 
[0024] ttz. mm%i^T>7~riiz£-?xftt>ix 

%<r>tz)b. mm&iiT>T-t-\ X'7yX-?$:*_ 
£U:*&. %^mi 2 2 a W dr«iW&fej£ 

«K>tt*fc& i StVvP. ^^2a<9^#ttiK££j£% 
35 2 a nmoXmUZT? XV 6 1 f*mSMWK*££ 

[00251 «±» *^-<7)|gfeBa|{cJ;ix{f. iJcmgSiS: 
7Z&WLX. mm^T>Tl-kffim%SMi£7>T 
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1 0 

■fzwmitzm.mzmmi. mm%mhz&mz>zk 

£ffi&£T-£l><7)T\ »^£ftcT'Si?£«OT7Xv££ 
fiS.Til>(7)T% >>xy\<0T7X-75!iatfttj^Tt>. K 
SS3OTilH^RJB4««K^«*IWI-t 4 - k 
%tk^o%^ifihh. 

[ o o 2 6 ] ifc. gt^^ryT^twrnsftS^r 

■^^mmEizmmt'y^^-iz^mi-hzk^ 

[0027] §*>e. s^£^r>-x^tj»m§ste^ 
ry^i-k^tifozmfecygfezim. mm. tns 

x\ ryxvnmj-i&imwmmkfj'xnmmiQm 
h^mkttt. 

20 [ 0 0 2 8 ] 3ri>. *-3aS«-«i. aSte^T^^ 

arts. t%ht>. fmnimuxmv&mt&Ty 

TT 8 £fth.£18&iiBr4-* ^ k fcm iX yfrVztK 

mi 7*mmte7y7--)-iizmtz8mLxi,m 
<mwiM&x'hh. zcowr&com&mmzmiiz^ 
■t. nfii7<04yv-yyxtf*£n<7)k£liziipm& 
STy^i- 1 vm9 iz%ti&m®%msnn£ nt=ar 

30 %M9t,zm.tihmmit±£<tc&. i<7)J:3t-<7)I51¥S 

4. 

[ 0 0 2 9 ] *%B|]<^g5i:<7)|^fe^^H5^oL 
08fcJ;o-rfi#rS. 05C. ^fltOT'^X-rKlS 

®tiwit5£xm2km%z>£te. mm^ryj-i-i 

akmm&Tyj-)- 1 b<OZjfitt*±TfcaftEL« # 
40 5"]t«ML. Mfi^ryfti atffifi|fe:A»jr?yi 
b£%t&LX^Z»!iX'&h. 

[0030] oizffif&ztitzimx-ii. zmm 
im&£T yr-r- la, lb izftti&nmmsfco** 
$ iiwm-hz k x\ 77x*$mmtt& z kvx- 

S*. WT. X7Xv^ffic/)$ijffll^ffito^T^&. 
[0031 ] ZMttnim&ISTy-rl- 1 a fc!&£$S£ 

ryri-i bmmmm%-i) i %i^m®$:ffi®2 5 at 

^«2 5bt^S„ ^3t^S^ftfe^Ty-r-f8*^l. 

m#a^«i«HJi#2 5cfci-&. ^ts»*o!t^ 
so «i«-cr 5 x^mmmhtih . 2 ^jfcma 



1 1 

2afcL BSLB't^vc. ±3ftZfafr»m'bZ<tZ 
ZtX\ ««2 5a kffi®2 5 b<0gO*£ S# ; lt& 

Z<D%r&te. m®2 5 aOg*v]s£ < , ®.®2 5 b 
cOgtf^^&^TV^. ZtHzf$%->XWmH&T> 

£9, i^Tyf 1 1 b WS75XvWi^ 

jga^vr^xvt&i,. l/^'ot. gsste^ryf- 
■r i a ti^s^ryf-^ i b t tzmnw&n^t: 
wm-t&zkiz±r,x. r^xvc^^^ifflit&^i: 

[0032] §BB&67>x afcSJ3B6£T 
Vft 1 b t t8£h.6JSHife«aw«^*ilH^-6*a; 

@7tE16coSc«|5JSf5^^ffi|B|K$r 

r-M b£ftM9bfcl/C£LT<^„ H#9afcA*y 
3> 1 6££j£L£4yt-^yx<0:*:£££Za. ft 
^9b<Mytr-yyxcO*£££Zbfc-f£i;. 
9afcfl<t9bt^5iSJ3i!fc«^*£;*t2. 1/Z 

ati/zb tzimtt . §K»s&Ty7^-«jEtf> y r 

Za£JE<mh>t>#n£Z'%;fcZlt&ZkZ\ Hc££ilHj 

[0 0 3 3] ZZX\ Zb(r>>JT'??>Xli.JEZ'h&<?> 
t, ZaCDU7??yX#ftt&£^CDl^ V-yf- 

y ^*Wi&v^^^&cot\ z a<o y 7? 9 >x\t 

[0034] ±j£(r>$m& xv-umzmwxj^fBm 

u mmnsy-yx^ i akmmtr>T~)-i 

ti^x*&-tz>77X-?m<tc*). mmt&ryx-? 
1 atiiM^rvft 1 b tc£ii&iia»iffl*twt*s 

iH-£«DT\ ffi®2 5atWM2 5 bT'4£j£-f &T7X 
3r 0 . >>x/\ 1 3 ±^ffiSJK^t,*A*^< Sr^T 
[ 0 0 3 5 ] ZZX\ mW£-£T>7-i- 1 aUSitfl&m 

< - MK^r>f-t i b K&fi£mS££±£ 

<-TS£i:1\ &0*&V^$2 5bT'£j£-t&T7X 
U ScO/Jn?V^«2 5af«n77X7 

1 3±<DS!igj^£^{^&ifc#T£&„ 

[ 0 0 3 6 ] fcLL, *^ZcOjgS60IK~J:iUf . WL%- 

<rmmt 1 1 *>t. zjRtt^s £ 

Tyj-i-^nmi&MtinttiMAZM&thZtX', n 
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1 2 

I o o 3 7 ] :3*£«a5l££rxf 1 a , 1 

SP*2 5a. «(i£2 5b. ffi«2 5 ctce*t?g££ 
6 i t **T-£ . S®5rT7X?^Jt®CT'# 6oDT\ >7 

[0038] ftfc, *»r.^Qt«K*JV^'C . n#i9 a 

io tgaxsma^^^-frSTtfttti. 07wi»issttJ(t 

< % £»9bfcjf^|ttgi|£^tf£\,\ 
[0039] ftK9 ata&h.5«S[?r«^S€S 

^coflilOlHlKkLT. 08<Oft«08&<D^flilsl*8tS 
-fJ:dt. Kynyi etmilzj >y7?~l9£m 
ULXi>&\.\ ZZX\ 'VJa>l6t4>y7f-l 
9C03-BH yt'-ryxcoy 7? ?yx*MEfc&&3HT 
tfcl-vttt. fl^f9akft^f9bcoyr^^yx(iiET' 

fcsw, $mimtfiiZh?%feLx-? v+>y$:JR 

[ o o 4 o ] act, *%pn?>®=cr>mmmi:m9iiiTS 
mioizimmi-6. H9(c *»i<7)T7Xv3!!ui 

t8a ^XS^ffi 2 2 a S did t^tt 
X&X'$>&. 

[0041] *^H«ieife0iiT'{±, zjhm>^m^r 
30 yft i a tK^^-ryT^ 1 himh&tmxw. 

^V^«^m«2 5afc®«2 5bt-r&. i^»m§ 

th. z<r>mimL^mm'Tyx^<r>m.mtchJx 

h A\ tlH^ftfe^T V f-)- 8 a (i*^^ 2 

S2(/)jic«ai2 aftscRSH sa^frfc . urn 
^mssMizx^x, mm&2a<7)fim£mz%m$wt 
tfnm-f&ot: m±t tz\±7 y --vywx-* h . t 

fc. iS^£^Tyxf- 1 a , 1 b tJ5c«gg2 acOStSf 

tT7Xvkw®m®mmmm<itis.!$Mz&hi<7) 
mz\ ittM&ftmtfTyx-Tizi-ixm^ti&eyzffi 

[0042] 01 0J±. 09 t^^ScOKmtSISScO^ 
«Hf*4. f?m^fi^ryr^8at<i. IS^^ 
ryftia, ib aggfe-t * 2 a rtgg 
iz$mt$> x ~j t, if^ryft ia, lbtt^ 
■f h k d tx y y M 4 wh . x y y M 4 »i 
I^^^Tyr^la, 1 b*^|,m*2:^»f^f-m. 
50 tf. jt3e^S^ti^<. ^l.gJScoffi&^^TV^T 



1 3 

[00431 *mE.0&mBVc XtUf . m&ftt-tsX 
fc. i?m£M*6£Tyx^#8a#^»2a£tt£I! 

I. 

i o o 4 4 1 mz. *®E.<?>mffltzsmit:m&zm 

-y. W®&&T>T~i-l btil^-ytl/CV^. 2 
Tyx^8a(Cgjn&mS<i. KU3yi6a. 16b 

[0045101 214, A'ij3yi 6 aOffUgfi:?)® 
^^t^-fr/i^^P^^Tyx^l afcl^S^r 

yfti b{ccStiS«c£Jt (Tyfti aicatfi4«a 
/T>x-MbtB£fL^m^) £*-f„ ^cOidt. A 
'Jayi 6a£^fc£#&.ri:T. Tyr^latlb 

rvftla, 1 bK^SmSfcfsKt&^fc. - 
£0lg£\ 7>'ftlb<0g5^< l j3yi6at0. 9 
uH(D4>y77$:mfllzmiZli&. ZtLlz£*). A 
'Jay 1 6 a<7)!?«!gg£iiT£U /<U3yi6at 

o. bti^>( yt- 

/yxa^fc 5 . S/aS-mSfctryr^ 1 bfcco^s£ 

ryfth, l bizfciihm®%.n%L 

umimtz*). 7?Acr)m$iitt%z>. mz. avm 
-/yxmo/l^^ilii ryftia, ibi; 

[ 0 0 4 6 ] 0 1 3<iH^££ft£i^^<01ggJi 

mx-mmx-z h . ^mma-rax? xv<m * y mm 

[0 04 7101 4fcL A'!>3yi 6bC0ffm^fi^fi 
?r^t^ti:^^-Wt*m^*fe^TyT^8 atMt 
l»m£Ec0lHB (peak-to-peak) BtttWM. £ 
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^^•Tyf-^8 at«£E*{(afcAfcmL^V^> 

6 . i o o o v t x'<r>mx-w±^±^ < mmm 
x-h->tz. 

[ 0 0 4 8 ] *^H<0^ifeWT'(i 2 &tfc9!$ggj 
£7yxt£RffiUO^\ MfcTyX^frftSrKffi 

Ji4 *8B3U:fcilK > L'C t>£ n. 
10 [00491 *%>9]^ig<3%Kffl£a 1 5fcJ: 
tf01 6t«t 9i*»rs. 11 5C, *m\c?>77X~? 

«B&-tl»„ *0#0l 0fc#Sr*iBi. BdEMtciJtt 

1 ati^Tyftl b^>Z*BtS:B5!lt:ft«Lfc 
m*StC . 5Efc«WS«S^T y 8 a S-jfWco&tf 

;tkco-c£&„ ^JtSJ^fi^^ryf-^8a(cgEh.?, 

^=Srm?t 1 7 a$rg|^S^^ryri-8 afcSHfc 

**«t-5fcfiasLT*s. St. ^a^ryftia 
tis^^Tyr^i btcga-ism^iae-r**:*) 
mm 7b. afifi 7 czmmizmuztgMLxfo 

[ o o 5 o 1 0 1 6«±. 015 iz^-f^scotmms^co 
w\mm*Lfzi><?>z'$)Z>. mmt&ryTi-i a^ 
M9a, gs^ryft i b mm b . rnw&rn 
^ry^s^nM 1 1 1 ltslt^s. *sus 

30 gfltfcl^T. SI^S-&J!c«^${rtMl7aC0^$ 
\,zi.->xWBZ1\Z>. nffil 7n4W-yvx<r&& 

h. i3tfl^fl7bX«ifl^fl7c^ye-ryx5: 

±% < LTtf < t . mm^^ry^-i- 1 ax<iis^^ 
r yft i b tzmz mmt&tinMiffiK % a . x -> 
T s PJjfi7a, 17b, l 7c<7)-f ye-yyxcT)^; 

40 [0051 1 ^rfc. 2^Hcol6S60llT-<i. iS^fe^Ty 

ftia, i^ryft l b Rxmw&mSTy 

7~)-8 a<7)-f<.Xlzn.$s 17a. 17 b, 17c ^ 
[005 21 Vy^yT'coJRii&^frtLT. fi? 

Slte^-ryfts aco-f yt-yyx« 'j ^ y 
x^fttiSctK. M?"IS«$rS{t^»^{*ftSi 

50 U>. tfz. Wm&£TyTi-l a, 1 b com<WT 



1 5 

1 7 b b m 1 7 c co ij ? yx\±iE b SrSsfeft £ffl 

[0 0 5 3] $4>{C, -r-yf-y^v^xsA^-yf-y 

=5: 0 , L/ci£LMiO"? y f-y y 7 XXM "7 -y 

^-y^*WL^<=5rl.^Wi, v-yf-y^y^x3 
fc jRHIUffSOiat^ y^? * Srtt^iJtJf A-fS d t TV 
•y^y^BXSdt^'T'^S. 

[ o o 5 4 1 mz. ^wmmKnmmmzm 1 7 *> j: 

m-tt. *H*«Hl5l:JWr6jfil4. ftlSiniKKciJtt 

1 a t mm-sr >T-t- 1 b nzjmkmmizmwi ttz 
mmzmmmam^ryr-r 8 a zmmzucif £ i><n 

1 7 a £Sfm§SI££7y^8 aK^JK&S J: 9 fc 

aau set* mm?&T>Ti-i atmm&&T>r- 

fir 1 7 b^tTT-Xtlg^L/ilHllS^^iS^-tiTJ) 

[00 5 5] HI 8fct 0 1 7<n&w.<?)wms&<7)'gm 

9 a . M£^r>ft 1 b £fi.m b . »1g&St§£- 
Tyx^82rm<srl IbLxmtX^Z. *Hife^cfc 
HT. iS^^ft«c^${±t?Bfl7aC0A#^tJ;^ 

TtH®3ftS. m??i7co^ytr-^yxco^$^A 
£<LTv><fc. ftm i£^£mss#igfliiU S?« 

ifcft?Sf 1 7 b l± . ftS 9 b i: ft^f 1 1 sMS^Uc-^** 4 
->fzmmz^m\,z^tcifh^bt-h. ftS 1 7 btfM y 
K-yyx£WM-?Z>Z.tX\ |j5i{5^7yftl bj: 

st^fe^j&mt 9?«§afe^ryx^- 8 eiizxhmm 

[00 5 6] $.tz. -l-y+yrcDWx&giftbLX. If 
■mm&tiTy r-mi ye-yyxn >j r 7 ? yx^ 
M^JftSSrJKJt^^^^l 7a 

ft^fl 7btM?i|^=5r*^T^I»lsIlf&tcO 
J£flftS*»T*fctf>. a^¥9bt^l ltft??17 

a £-&ftLfc--f y t-^yxw >) T? 9 yxtfjEcob £ 

yX(r>>)T7 9 yximobZMt. Mil 7bcD'JT 
7?yxkftfc&6i9t^&.rfc#ll£U^ £A> 

m^fr^ft^fco y t ? ? y t * o . miz^ ifz 
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1 6 

Li}cov -y f-y ;5M? -y ? xt'Ji v v f-y /*TOi=5r< 
fcSI&dtftTC < £ . **»Sfcli . fl?Sf 9 a tjt^l t 
y^^SrifA-r^JltT'. -e-yf-y^JRSwfcAST' 

[ o o 5 7 ] eit. xmzommzxtM . Maom 

[0058] *%f!H<7)m^|iafe0i|5-> 01 9t 

m~. &£vmE.<mm*bmix'hhtiK nm^m 
ocos«gi52 o anB#bmmtj'iiTyTi-2 1 tstm 

yft 2 84smg3fu 2 

0ac0^#(C2^C03>(/|/«Oi^«JS-&TyT^2 1 
ati^7yft2 1 b*e&6*.Tlr»S. 

[0059] ^mmmx'ii. zj^mcDmrnsTyTi- 
2 1 att^^i^ryx^2 1 b^steiw^^ 

20 «)i^2 5ei:ia2 5f fcfS. i/cW^fi^ 

i. zti^mmm^mmx'T7X-?<r)£j$.mzbti 
&tiK mm®m&^Ty^2s\mm&2 0a±m 
wokdizmmLx^z^bfrh. wM25g\mm® 
20a nmzmm-tz, m&kk % o . mwgmmiz 

h<r)mit±fd&9V--yyX'%h. 

[0060] ±tz. 1&MM2 0 aO^#t^hjtSI» 

^ryx-y-2 1 aco©i/h3vK. I^S^ryf -/- 

30 2 1 bcOgiiA^^cOT, ^('fl^roTSI^Ig^ry 

f-7-2 1 a^&r^xvti^co^^v^r^xv 
t^ro. §i^^ry^2 1 b*^57'7Xv«±j'hja 

[0061] ULLcoj: o (c, *^Hfllc Jriitf. 
Tyr^fcJ:VS>«^Mi£^Tyr^co^»€^ 

wm.zmwtz>. tthh. w.wmizmftzfffii 
3 y 1 6<7M yf-^yx^iB^i-^^: t iz£ 

T7Xvw%wzM£%%ft&wwmism> 

omm^mthZ.bii i X'^h. &tz. TjXlcoftlb 
mWtZ>z\btfX'$Z><7)X\ m-ZTyxvwmzft 
oc\btfX'%h. $^>t. TyX^m-jSgLoMWh'ti 

tci-h<nx\ ^^yy^DXyX^m^tzru^x 
itmn&mmzftm-zi. 

[0062] ^rfc, *m\\i. ±3£U:!fS-2:^L?g7\ 

(?>9mmiz^hfzmmzmL>-?. z\ti^<m^hiti,z 
*->xm.m£mtfLLxi>&\,\ ttz. m®%i>m 
so w&b$mfflzmz>-mi>%< . %Mmmu>nm 
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mT^LtzB®.izmt>ixhi>ff)X'\i?£^. mm. 02 iv£mm&£7yTi-t®n®m£T>7-i-£$ii& 

o^^t@2 oKtimnummsizLx t>& Mmimfccommmi. mm^ryy-rmffm 

w tfz. 02 2 {c^-ri 3 K^s^ryft^oi %m&T>Ti-iz£ tmRemzzmmx' 
izftm®mti£T>Ti'$:E,SLxh&\.\ $*>tc. m ^rtfc*ra£^&r7Xv£4^s.r 

2 3<0J; d KjriS4f£&7>r+£K2&2^l-ffiK . i^£7yT^£Jm^T5X^&JIKi> 
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